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(57) ABSTRACT

A seal arrangement for sealing a propeller shaft where it
penetrates through the hull of a watercraft includes a shaft
bushing around this portion of the shaft, one or more seal
rings forming a seal around the shaft bushing, and a stationary
support holding the seal ring or rings. The shaft bushing
includes an outer bushing part made of a wear-resistant mate-
rial, arranged coaxially around an inner bushing part made of
a material having a high thermal conductivity. The thickness
of'the outer part relative to the thickness of the inner part is a
ratio in a range from 1:10 to 1:3. The two-part shaft bushing
can provide optimized thermal conductivity and heat dissipa-
tion away from the seal rings to the cool exterior water envi-
ronment, as well as optimized wear-resistance, corrosion
resistance and reduced friction for the seal rings.

21 Claims, 1 Drawing Sheet
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1
SEAL ARRANGEMENT WITH IMPROVED
SHAFT BUSHING FOR A ROTATING SHIP
PROPELLER SHAFT

PRIORITY CLAIM

This application is based on and claims the priority under
35 USC 119 of German Patent Application 10 2012 009
478.7, filed on May 12, 2012, the entire disclosure of which is
incorporated herein by reference.

FIELD OF THE INVENTION

The invention relates to a seal arrangement using one or
more seal rings around a shaft bushing for sealing around the
rotating shaft that drives a watercraft propeller, between an
exterior side exposed to a relatively cool liquid medium such
as seawater and an interior side exposed to a relatively warm
medium such as lubricating oil.

BACKGROUND INFORMATION

Various types and configurations of seal arrangements,
bushings, packing boxes, stuffing boxes and the like are
known for providing a seal around the rotating shaft that
drives a ship’s propeller, where the shaft penetrates through
the stern of the ship from the interior to the exterior of the
ship’s hull. The seal arrangement must effectively prevent
water from the exterior environment, i.e. from the exterior of
the hull below the waterline, leaking into the interior of the
hull where the shaft penetrates through the hull, while still
allowing the shaft to rotate. Preferably, the seal arrangement
must also dissipate the frictional heat that arises due to rub-
bing friction of the seal elements on the rotating shaft or the
shaft bushing, and further should provide a long operating life
and allow easy maintenance.

One known type of seal arrangement uses plural seal rings
spaced axially from one another along the propeller shaft or
shaft bushing, whereby the seal rings are held by a stationary
support system such as a housing and/or stern tube. The seal
rings may be embodied as lip seals and/or slide ring seals that
make sliding contact with the shaft bushing provided around
the propeller shaft. Even though various different configura-
tions or embodiments of such seal arrangements are known, it
has been found in practice that further improvements would
be desirable. For example, it has been found that the seal
rings, which are typically made of an elastomeric synthetic
plastic, are negatively influenced by the high temperatures
arising in the seal rings and in the surrounding media during
operation, i.e. rotation, of the shaft, due to the frictional
heating caused by the frictional sliding contact of the seal
rings on the shaft or shaft bushing and due to contact with the
hot lubricating oil.

Namely, the elastomeric plastic seal rings suffer a degra-
dation and breakdown of the plastic material over time due to
the arising high temperatures, and therefore suffer more rapid
wear and deformation. This results in a disruption or defor-
mation of the proper geometry of the seal gap between each
seal ring and the shaft bushing, and thus permits leakage of
the liquid media (e.g. seawater and/or lubricating oil) through
the seal arrangement.

More particularly, on one side a portion of the seal arrange-
ment is in contact with or exposed to the exterior seawater,
which is generally at a relatively cool temperature, and on the
other side another portion of the seal arrangement is in contact
with or exposed to the lubricant in the stern tube, which
lubricant is typically at a relatively warm or hot temperature.
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Namely, the lubricant, typically a lubricating oil, becomes
heated due to frictional heating of the ball bearings, roller
bearings or slide bearings that support the propeller shaft as
the shaft rotates during operation. An additional significant
heating contribution arises locally in the seal gap of the seal
arrangement due to the frictional sliding contact of each seal
ring on the shaft bushing. As a result, in view of the relatively
low thermal conductivity of the elastomeric plastic material
of the seal ring, this can give rise to a strong temperature
increase especially directly at the seal lip of each seal ring.
Due to the existence of different heated areas (e.g. friction at
the seal lips and friction of the rotational bearings) and cooled
areas (seawater contact area), this gives rise to a thermal flux
through the components from the warmer areas to the cooler
areas, and especially a thermal flux through the shaft bushing
from the area of the lubricating oil and the area of the seal
rings to the area in contact with the cooler seawater. Thus, the
resulting temperature of the overall seal arrangement, and
especially the temperature of the seal rings and the seal lips
thereof, is predominantly determined by the thermal conduc-
tivity of the shaft bushing.

In addition to an adequate thermal conductivity, the shaft
bushing must also satisty other requirements, i.e. exhibit
other characteristics. Namely, the shaft bushing carries out or
ensures several functions, for example a corrosion protection
of'the propeller shaft relative to the corrosive seawater, and a
defined counter running surface for the sliding contact with
the seal rings having a prescribed and tested tribologic behav-
ior, as well as the abovementioned conduction of heat away
from the seal arrangement to the cooler seawater. These vari-
ous different requirements or demands on the shaft bushing
are substantially contrary to one another. Namely, a material
of the shaft bushing that satisfies one of the above require-
ments, typically does not entirely satisfy the other require-
ments.

In order to increase the operating life of the seal rings and
thus correspondingly increase the associated maintenance
intervals, it has been recognized as desirable to reduce the
operating temperature of the seal rings. An arrangement for
achieving this has been proposed in the prior art, for example
according to German Patent DE 41 35 709 C. That known
arrangement uses heat pipes to conduct heat away from the
area of the seal rings. A disadvantage of such a construction
using heat pipes is the relatively high complexity, effort and
expense for the production, construction, installation and
maintenance of such a seal arrangement using relatively com-
plex and technically demanding cooling elements. Further-
more, these heat pipe cooling elements have a relatively small
cross-sectional area in the direction toward the heat sink, so
that special measures or efforts must be taken in order to avoid
a non-uniform distribution of the cooling agent and thus the
cooling effect.

SUMMARY OF THE INVENTION

In view of the above, it is an object of the invention to
provide an economical and simple seal arrangement of the
general type discussed above, which has been improved in a
simple manner to ensure an increased removal and dissipation
of'heat away from the seal rings and/or bearings, and simul-
taneously fulfills the requirements of a suitable counter run-
ning surface for sliding contact with the seal rings. Another
object of the invention is to avoid the use of technically
complex heat pipes, volatile cooling agents, and active sys-
tems, by providing a completely passive or inactive cooling
by improved thermal conduction whenever a temperature
difference exists between the seal rings or the lubricating oil
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in the stern tube on the one hand and the cooler seawater on
the other hand. The invention further aims to avoid or over-
come the disadvantages of the prior art, and to achieve addi-
tional advantages, as apparent from the present specification.
The attainment of these objects is, however, not a required
limitation of the claimed invention.

The above objects have been achieved according to the
invention in a seal arrangement for sealing a rotating shaft of
a watercraft propeller. The term “propeller” herein is used
generally and broadly, and covers not only an open or exposed
axial flow propeller, but also all types of ducted propellers and
pump impellers e.g. in a water jet drive system. The term
“watercraft” herein is used generally and broadly, and covers
all ships, boats, submarines and all other craft that operate in
or on water. The inventive seal arrangement includes a shaft
bushing arranged around a portion of the shaft that extends
through the seal arrangement, one or more seal rings forming
a seal between an exterior side and an interior side around the
shaft bushing, and a stationary support such as a housing that
carries the seal ring or rings. Especially according to the
invention, the shaft bushing comprises at least two concentric
bushing sleeves or shells respectively of different materials.
An outer part of the shaft bushing, e.g. an outer bushing
sleeve, consists of a wear-resistant material. An inner part of
the shaft bushing, e.g. an inner bushing sleeve, consists of a
material having a high thermal conductivity. Preferably, the
wear-resistant material of the outer bushing sleeve has a
greater wear resistance than the material of the inner bushing
sleeve, while the material of the inner bushing sleeve has a
greater thermal conductivity than the material of the outer
bushing sleeve. Further according to the invention, the wall
thickness of the outer bushing sleeve relative to the wall
thickness of the inner bushing sleeve are in a ratio or propor-
tion in a range from 1:10 to 1:3. More particularly, this ratio
of the outer bushing sleeve thickness to the inner bushing
sleeve thickness is in a range from 1:5 to 1:3.5 in a particular
embodiment. This wall thickness is preferably a thickness
measured radially, and is preferably uniform along the entire
axial length of the respective cylindrical annular sleeve com-
ponent.

With the special construction of the shaft bushing accord-
ing to the invention, the inventive seal arrangement advanta-
geously achieves all the requirements discussed above in an
improved or optimized manner. Namely, the inventive seal
arrangement achieves a significant temperature reduction of
the seal rings due to the increased thermal conductivity and
thus thermal conduction capability of the shaft bushing, while
also providing a good or optimized, wear-resistant and low-
friction sliding counter surface for the sealing contact of the
shaft bushing with the seal rings. Furthermore, the inventive
seal arrangement further exhibits a relatively low expense,
effort and complexity as to the materials, components and
construction as well as the maintenance thereof. The
improved thermal conduction and thermal dissipation is very
significant among the advantages of the inventive seal
arrangement. The thermal conduction occurs over the entire
length of the shaft protection sleeve or shaft bushing from the
lubrication chamber within the stern tube to the exterior sea-
water side. In this regard, by making use of the physical
principle of passive or inactive thermal conduction through
the highly thermally conductive material of the inner bushing
sleeve, the invention achieves a simple, durable, robust,
“automatic” and maintenance-free cooling arrangement that
avoids the need for volatile cooling media, active cooling
systems, and complex additional cooling elements.

In one or more advantageous embodiments of the inventive
arrangement, the outer bushing sleeve is formed of stainless
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steel or especially duplex steel as the wear-resistant material,
and the inner bushing sleeve is made of bronze or brass as the
material having a high thermal conductivity.

Furthermore, in another advantageous embodiment, in
order to provide an especially good sliding contact counter
surface for the seal rings, the shaft bushing is additionally
provided with an outer coating layer on the outer surface, or at
least the pertinent portion of the outer surface, of the outer
bushing sleeve. For example, this coating is preferably
embodied as a hard metal coating or a ceramic coating, pref-
erably or especially having a hardness greater than that of the
material of the outer bushing part.

BRIEF DESCRIPTION OF THE DRAWINGS

In order that the invention may be clearly understood, it
will now be explained in further detail in connection with an
example embodiment thereof, with reference to the accom-
panying drawing, in which the single drawing FIGURE sche-
matically shows a cross-section through a seal arrangement
with a two-part shaft bushing according to the invention.

DETAILED DESCRIPTION OF A PREFERRED
EXAMPLE EMBODIMENT AND BEST MODE
OF THE INVENTION

The single drawing FIGURE schematically shows a cross-
section through a broken-out portion of the structural
arrangement where a rotating propeller shaft 1 of a watercraft
such as a ship or boat passes outwardly through the hull of the
watercraft, particularly through a stern frame boss 8 of the
hull. The illustrated partial area especially shows a seal
arrangement according to the invention, which seals the rotat-
ing ship propeller shaft 1 relative to an exterior water envi-
ronment, typically cool seawater W on the exterior side, and
awarmer lubricant such as lubricating oil S inside a stern tube
15 on the interior side. The lubricating oil S becomes heated
during rotating operation of the shaft 1, due to the frictional
heating of rotation bearings (not shown) that rotatably sup-
port the shaft 1, and due to the frictional heating of the seal
arrangement.

A two-part shaft bushing 2 is arranged coaxially around a
portion of the shaft 1 where it passes through the seal arrange-
ment. The bushing 2 may be mounted on or connected to the
shaft 1 in any known manner. In the illustrated embodiment,
the shaft bushing 2 includes or forms a flange portion 24 that
protrudes radially outwardly from the exterior end of an annu-
lar cylindrical sleeve portion 2e of the shaft bushing 2. The
flange portion 2d is connected to a propeller hub 9 of the ship
propeller, with a flat packing 12 arranged as a fixed seal
between the propeller hub 9 and the shaft bushing 2. Thereby,
the packing 12 prevents the penetration of water to and along
the shaft 1, between the shaft 1 and the shaft bushing 2.
Thereby also, the bushing 2 may be connected to the shaft 1
through the propeller hub 9.

The actual rotational seal of the seal arrangement is pro-
vided by plural seal rings 7a, 76 and 7¢ that are securely held
in a stationary housing formed by several housing parts 3, 4,
5 and 6. Namely, an outermost seal ring 7a is clamped or held
between an outermost first housing part 3 and a second hous-
ing part 4, a second or middle seal ring 75 is clamped or held
between the second housing part 4 and a third housing part 5,
and the third or innermost seal ring 7¢ is clamped or held
between the third housing part 5 and a fourth housing part 6.
Alternatively, the construction and arrangement of the seal
rings and the housing can be according to any known con-
figurations, materials and structural arrangements of such
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seal devices. The housing formed of the housing parts 3, 4, 5
and 6 is connected to and held by the stern frame boss or stern
post boss 8, which is connected to the rest of the ship’s hull
and optionally to a stern tube 15.

In the seal area 11 of the seal arrangement, the three seal
rings 7a, 7b and 7c slide in frictional contact on the outer
surface of the shaft bushing 2, forming a seal gap therebe-
tween in an area 11. Successive seal chambers respectively
successively formed between the seal rings 7a and 75, and the
seal rings 75 and 7¢ may be filled respectively with seawater,
pressurized air, and/or lubricating oil, in any known manner.
Thereby, through this sliding seal contact of the seal rings 7a,
7b and 7c¢ via the seal gap with the shaft bushing 2, the seal
arrangement forms the seal between the seawater W in the
exterior environment and the lubricating oil S in the interior
environment of the stern tube 15. Thereby, however, the fric-
tional rubbing of the seal rings 7a to 7¢ on the outer surface of
the shaft bushing 2 produces significant frictional heating,
which in turn tends to increase the temperature of the seal lips
of the seal rings contacting the shaft bushing, as well as the
shaft bushing itself. As the shaft bushing 2 is heated from this
frictional heating by the seal rings 7a to 7¢ in the area 11, and
from the hot or warm lubricating oil S, the heat is conducted
into and along the shaft bushing 2 to the cooler region 10 that
is exposed to or in contact with the cool seawater W. As a
result, the heat conducted through the shaft bushing 2 is
rejected or dissipated into the cool seawater W.

The shaft bushing must provide not only the abovemen-
tioned thermal conduction in a direction toward the seawater
cooled area 10, but also a corrosion protection of the shaft 1
relative to the seawater W, and a defined sliding contact
counter surface for the seal contact with the seal rings 7a to 7¢
having a specified tribologic behavior. These disparate
requirements or demands are at least partially contrary to one
another. Thus, to better satisfy these demands, the invention
provides that the shaft bushing 2 has a two-part construction
including an outer bushing part or sleeve 2a and an inner
bushing part or sleeve 26. The outer bushing part 2a is
arranged coaxially around the inner bushing part 26. The two
bushing parts are preferably fused, bonded, mechanically
secured or otherwise connected to one another, in any known
manner of connecting or combining two different materials
for such a two-part construction. The inner bushing part 25 is
preferably a cylindrical annular shell or sleeve, while the
outer bushing part 2a preferably includes a cylindrical annu-
lar shell or sleeve as well as the radially outwardly protruding
flange part 2d. The outer bushing part 2« is made of a wear-
resistant material, while the inner bushing part 25 is made of
a material with a high thermal conductivity. Namely, the
material of the outer bushing part 2a has greater wear-resis-
tance than the material of the inner bushing part 25, while the
material of the inner bushing part has greater thermal conduc-
tivity than the material ofthe outer bushing part. In a preferred
embodiment, the material of the outer bushing part 2a is
stainless steel or especially duplex steel, while the material of
the inner bushing part 25 is bronze or brass.

Furthermore, in order to optimize the thermal conductivity
of the overall shaft bushing 2, while providing sufficient
wear-resistance and corrosion resistance, the wear-resistant
outer bushing part 2a is significantly thinner than the heat-
conductive inner bushing part 25. Particularly, the wall thick-
ness of the outer bushing part 2a relative to the thickness of
the inner bushing part 25 is in a range from 1:10 to 1:3, or
especially in a range from 1:5 to 1:3.5 for example.

A person of ordinary skill in the art is aware of different
manufacturing and assembly techniques for constructing the
shaft bushing 2 in a two-part manner as herein described. The
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two parts 2a and 2b can be separately produced and then
connected together, or the outer part 2a can be formed, depos-
ited or applied as a layer or outer component on the inner part
2b as a core.

Still further, to increase the wear-resistance of the outer
surface of the shaft bushing 2, especially in the area 11 subject
to the seal contact friction, at least a portion of the outer
surface of the shaft bushing 2 (for example in the seal area 11)
is coated with an additional coating layer 2¢, which is pref-
erably a hard metal coating or a ceramic coating. The coating
2¢ may be applied, formed, deposited, provided or connected
on the outer surface of the outer bushing part 2a¢ in any
conventionally known manner.

With the above described two-part or three-part construc-
tion, the shaft bushing 2 provides optimized thermal conduc-
tivity for cooling the lubricating oil S and the seal rings 7a to
7¢, optimized wear resistance relative to the sliding contact of
the seal rings 7a to 7¢, and optimized corrosion resistance
relative to the seawater W.

Although the invention has been described with reference
to specific example embodiments, it will be appreciated that
it is intended to cover all modifications and equivalents within
the scope of the appended claims. It should also be under-
stood that the present disclosure includes all possible combi-
nations of any individual features recited in any of the
appended claims. The abstract of the disclosure does not
define or limit the claimed invention, but rather merely
abstracts certain features disclosed in the application.

What is claimed is:

1. A seal arrangement for sealing around a rotatable pro-
peller shaft of a watercraft between an exterior side and an
interior side, comprising:

a shaft bushing that is arranged coaxially around said pro-
peller shaft and that extends along said propeller shaft
from said interior side to said exterior side;

a stationary support that is arranged coaxially around said
shaft bushing with an annular gap therebetween; and
at least one seal ring that is carried by said stationary
support and that extends and seals around said shaft
bushing in said annular gap between said stationary

support and said shaft bushing;

wherein:

said shaft bushing comprises an inner bushing part that is
made of a first material, and an outer bushing part that is
arranged coaxially around said inner bushing part and
that is made of a second material different from said first
material;

said first material has a higher thermal conductivity than
said second material;

said second material has a higher wear resistance than said
first material,

aratio of a second wall thickness of said outer bushing part
relative to a first wall thickness of said inner bushing part
is in a range from 1:10 to 1:3;

said inner bushing part comprises an annular cylindrical
inner bushing sleeve that has said first wall thickness,
and that has a radially outer cylindrical surface thereof
extending axially along an entire axial length of said
shaft bushing to a distal axial end of said shaft bushing
on said exterior side;

said outer bushing part comprises an annular cylindrical
outer bushing sleeve that has said second wall thickness
and that extends axially along said radially outer cylin-
drical surface of said annular cylindrical inner bushing
sleeve to said distal axial end of said shaft bushing on
said exterior side, and a flange part protruding radially
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outwardly from said annular cylindrical outer bushing
sleeve on said exterior side, side; and

said flange part of said outer bushing part is connected to a
propeller hub.

2. The seal arrangement according to claim 1, further com-
prising a stern tube connected to said stationary support and
containing lubricating oil on said interior side, wherein a first
portion of said outer bushing part and/or said inner bushing
part is exposed to said lubricating oil on said interior side, a
second portion of said outer bushing part is exposed to exte-
rior water on said exterior side, and said lubricating oil is
warmer than said water during rotating operation of said
propeller shaft.

3. The seal arrangement according to claim 1, further com-
prising a flat seal packing interposed and forming a seal
between said shaft bushing and said propeller hub.

4. The seal arrangement according to claim 1, wherein said
outer bushing part is exposed to exterior water present on said
exterior side, and said inner bushing part is not exposed to
said exterior water.

5. The seal arrangement according to claim 1, wherein said
first material of said inner bushing part is bronze or brass, and
said second material of said outer bushing part is stainless
steel.

6. The seal arrangement according to claim 5, wherein said
second material of said outer bushing part is duplex stainless
steel.

7. A seal arrangement for sealing around a rotatable pro-
peller shaft of a watercraft between an exterior side and an
interior side, comprising:

a shaft bushing that is arranged coaxially around said pro-
peller shaft and that extends along said propeller shaft
from said interior side to said exterior side;

a stationary support that is arranged coaxially around said
shaft bushing with an annular gap therebetween; and

at least one seal ring that is carried by said stationary
support and that extends and seals around said shaft
bushing in said annular gap between said stationary
support and said shaft bushing;

wherein:

said shaft bushing comprises an inner bushing part that is
made entirely of a first metal, an outer bushing part that
is arranged coaxially around said inner bushing part and
that is made entirely of a second metal different from
said first metal, and a coating on an outer surface of said
outer bushing part, wherein said coating comprises a
third material different from said first metal and said
second metal;

said first metal has a higher thermal conductivity than said
second metal;

said second metal has a higher wear resistance than said
first metal;

aratio of a second wall thickness of said outer bushing part
relative to a first wall thickness of said inner bushing part
is in a range from 1:10 to 1:3;

said outer bushing part comprises an annular cylindrical
outer bushing sleeve having said second wall thickness,
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and a flange part protruding radially outwardly from said
outer bushing sleeve on said exterior side; and

said flange part is connected to a propeller hub.

8. The seal arrangement according to claim 7, wherein said
coating is a hard metal coating, and said third material is a
hard metal having a hardness greater than said second metal.

9. The seal arrangement according to claim 7, wherein said
coating is a hard ceramic coating, and said third material is a
hard ceramic having a hardness greater than said second
metal.

10. The seal arrangement according to claim 1, entirely
excluding any heat pipe.

11. The seal arrangement according to claim 1, entirely
excluding any volatile cooling medium for cooling said seal
arrangement.

12. The seal arrangement according to claim 1, entirely
excluding any active cooling arrangement for cooling said
seal arrangement.

13. The seal arrangement according to claim 1, further
comprising a flat seal packing interposed and forming a seal
between said propeller hub and said flange part of said outer
bushing part, whereby said flat seal packing prevents penetra-
tion of water to and along said propeller shaft between said
propeller shaft and said inner bushing part.

14. The seal arrangement according to claim 1, wherein
said outer bushing part is a monolithic single piece of said
second material integrally including both said outer bushing
sleeve and said flange part.

15. The seal arrangement according to claim 1, whereby
said shaft bushing is connected to said propeller shaft via said
propeller hub that is connected to both said propeller shaft and
said outer bushing part.

16. The seal arrangement according to claim 1, wherein
said outer bushing part is rigidly fixed on said inner bushing
part.

17. The seal arrangement according to claim 1, wherein
said first material is a first metal and said second material is a
second metal.

18. A combination comprising the seal arrangement
according to claim 1 and a watercraft propeller, wherein said
watercraft propeller includes said propeller hub, which is
connected to said flange part of said outer bushing part of said
shaft bushing on said exterior side.

19. The combination according to claim 18, further com-
prising said propeller shaft, wherein said propeller hub is
further connected to said propeller shaft, whereby said shaft
bushing is connected to said propeller shaft via said propeller
hub.

20. The seal arrangement according to claim 1, wherein
said flange part of said outer bushing part has an axial thick-
ness greater than said second wall thickness of said annular
cylindrical outer bushing sleeve of said outer bushing part.

21. The seal arrangement according to claim 1, wherein
said flange part of said outer bushing part has an axial thick-
ness greater than said first wall thickness of said annular
cylindrical inner bushing sleeve of said inner bushing part.
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